In the present study, we have investigated morphology and evolution of small-scale Hα dynamic features on the quiet sun by analyzing video magnetograms and high resolution Hα images simultaneously taken for 5 hours at Big Bear Solar Observatory on April 18, 1997. From comparisons between time sequential longitudinal magnetograms and Hα images covering 150 × 150 , several small-scale Hα dynamic features have been observed at a site of magnetic flux cancellation. A close relationship between such features and cancelling magnetic fluxes has been revealed temporarily and spatially. Our results support that material injection by chromospheric magnetic reconnection may be essential in supporting numerous small-scale Hα dynamical absorption features, being in line with recent observational studies showing that material injection by chromospheric magnetic reconnection is essential for the formation of solar filaments.
I. INTRODUCTION
Magnetic flux cancellation followed by magnetic reconnection has been regarded as a necessary condition of filament formation (e.g., Martin 1998; TandbergHanssen 1995) . According to earlier Hα and magnetic observations, the convergence of opposite polarity fields towards their common boundary has always been observed before the filament formation (Litvinenko & Martin 1999; Gaizauskas et al. 1997) . Therefore, the role of canceling magnetic fields has been considered to be an essential element in theoretical modeling of the filament magnetic field structure (Martens & Zwaan 2001; DeVore & Antiochos 2000; van Ballegooijen et al. 2000; Galsgaard & Longbottom 1999; Litvinenko 1999; Kuperus 1996; Priest et al. 1994 Priest et al. , 1996 van Ballegooijen & Martens 1989 , 1990 . Besides those large filaments, plenty of small-scale Hα absorption features are often observed throughout the solar surface even in quiet regions. It has become easier to observe and analyze such features due to increased spatial and temporal resolution in Hα and magnetogram observations. Therefore, it would be interesting to find out how such small-scale features are related with nearby small-scale magnetic elements, especially with flux cancellation of small magnetic elements, as described above.
The small-scale Hα absorption features are sometimes called 'mini-filaments' due to their appearance similar to 'normal' filaments. The 'mini-filaments' have been first observed and mentioned in literature Corresponding Author: S. Lee by Moore et al. (1977) and Labonte (1979) . Labonte (1979) described such events as 'macrospicules' both from limb and disk observations in Hα. More detailed study on 'mini-filaments' has been done by Hermans & Martin (1986) . Recently, the relation between minifilaments and magnetic fields was studied by and Zhang et al. (2000) based on the observations performed at Big Bear Solar Observatory. From a careful examination of a sample of 88 events, concluded that mini-filaments also lie along a magnetic neutral line and spatially correlated with canceling magnetic features. But the description of the cancelling magnetic features was limited since they focused mainly on their morphological evolution seen in Hα. A more detailed study on the magnetic evolution associated with small-scale Hα dynamic features (they called macrospicules) was done by Zhang et al. (2000) . They concluded that macrospicules are triggered by interaction between intranetwork and network elements or among several network elements.
The purpose of this study is to further investigate morphological and evolutionary relationship of Hα dynamic features with magnetic fields, based on simultaneous Hα and magnetic observations of a quiet region with high spatial and time resolution. Our observation supports that small-scale Hα dynamic features are strongly associated with flux cancellation both spatially and temporarily.
II. OBSERVATION AND DATA REDUCTION
The present observation was performed to obtain time sequential Hα images and video magnetograms S22 LEE ET AL. White contours correspond to positive polarity and black to negative polarity. The spatial scale is 150 ×150 , and the contour levels are 10, 20, 40, 80(Gauss) ].
of a solar quiet region at Big Bear Solar Observatory on April 18, 1997. The Hα images were taken with the OSL CCD camera attached to the 26 reflector. The video magnetograms were obtained with the 10 refractor in Fe I 6103Å line. A quiet region at disk center was selected as the target, which is free from the geometric projection effect. The total duration of the observation was about 5 hours excluding the last two hours of cloudy data.
An Hα image was recorded every 30 seconds and a magnetogram was taken approximately every 3 minutes. The Hα filter was usually tuned to the line center most time. The magnetograms were taken by integrating 4096 frames. The spatial scale was calibrated by momentarily drifting the telescope to the west and the north by 50 for Hα images and by 100 for magnetograms. After trimming the bad portions near the outer boundary of both images, the field of view of Hα images was found to be 224 ×201 . The field of view of magnetograms was found to be 382 ×271 , which is larger than that of Hα images. Although the duration of our observation was originally 7.5 hours, we selected the first 5-hour data due to bad seeing in later hours.
We have aligned all the images by shifting each image by the amount of the displacement determined by applying the technique of cross-correlation. Many Hα images suffered from large-scale non-uniformity. This non-uniform pattern was modeled by a two-dimensional low degree polynomial fit to each image and was subtracted from the original image.
III. RESULTS
From now on, we will concentrate on a 150 ×150 region of our interest near the central part, and will show the details of Hα dynamic features. For this purpose, we have selected 275 Hα images and 72 magnetograms of good quality covering the same period of almost 5 hours. The initial investigation of the temporal evolution was done based on a MPEG movie that was constructed from these images. Figure 1 shows an Hα snapshot image displaying a few Hα features which we will study in detail. We observed four of this kind of features during our observing run, three of which occurred at position A and one at B. All of these features were associated with canceling magnetic features as seen in the overlapped magnetogram.
(a) Hα Dynamic Events at Regions A and B Figure 2 shows the development of the first event at A. It existed from the beginning of our observation, so we do not know how it started. Initially it was a straight absorption feature, but it changed into a curved shape(17:10:54), lasting until 17:25:24. The length of this feature is measured to be 20 . Note that this feature was located at the site of colliding opposite magnetic polarities at the network boundary, suggesting the flux cancellation. But because of the lack of observation in the beginning phase, we can not determine whether flux cancellation really occurred or not. Figure 3 shows the development of the second feature at A. It started at 17:48:54 and lasted about an hour. It moved along almost the same curved trajectory as the first feature did. The length of this feature is measured to be 23 . This looks like a magnetic loop, as inferred from the corresponding opposite magnetic polarities of the two footpoints. This feature is associated with strong flux concentration and is located at chromospheric network boundary. It has been ejected from a magnetic element of negative polarity with a curved and closed shape. A careful examination of the magnetograms represented in contours in Figure 3 reveals that the opposite magnetic fluxes located at the center of the frames decreased during this event (for example, compare between 18:19:25 and 18:37:25) . Figure 4 shows the third feature at A that started at 19:13:28 and lasted about an hour. Although this one shows a spiky or surge-like shape unlike the two previous ones, its evolutionary behavior, lifetime and location do not differ from others. The magnetic maps in Figure 4 clearly indicates that this feature also occurred during magnetic flux cancellation. Therefore, it can be concluded that a series of small-scale Hα events of the similar property repeatedly occurred at the same Event at B location during flux cancellation. This finding is consistent with the previous studies that reported the association of flux cancellation with a series of discrete events such as explosive events (Chae et al. 1998a ) and Hα upflow events (Chae et al. 1998b ). Figure 5 shows the evolution of a feature at B. It started at 18:37:25 and lasted about 1.5 hours. It has the largest length of 60 among the observed features. It looks like the ones on A except that it follows a different trajectory. A comparison with the magnetogram indicates that the trajectory connects between two opposite polarities, suggesting a magnetic loop structure. Thus, at least two magnetic loops have been identified that are rooted near the site of flux cancellation: one at A and the other B. Moreover, the footpoints of these loops at the flux cancellation site have opposite polarities. Therefore, the flux cancellation and the Hα dynamic events may be a consequence of the interaction of the two loops. Figure 6 shows a possible configuration that illustrates the two interacting loops. The interaction might have lead to magnetic flux cancellation, playing an important role in the occurrences of those small-scale features. This feature at B can also be regarded to have the same physical origin (magnetic reconnection) as the previous ones at A, inferring from its location, morphology and evolutional behavior.
(b) Parameters of Flux Cancellation
Our comparison between Hα and magnetogram observations has indicated that the dynamic Hα features originated from chromospheric material injection at the flux cancellation site. Figure 7 shows the time variation of the magnetic flux at the site of flux cancellation (A and B) . The upper and middle panels show that the the positive polarity suffered substantial decrease of magnetic flux. The decreasing rate of magnetic flux is measured to be 
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18 Mx h −1 for positive polarity. The negative polarity, which belongs to rather strong magnetic elements of network boundary, showed no substantial flux decrease. Therefore, only the positive polarity has been taken into account. Most importantly, it can be obviously seen that the duration of the feature corresponds to the early phase of flux cancellation. Therefore, the formation of this feature is clearly associated with magnetic flux cancellation resulting from magnetic reconnection of two opposite polarities.
We have measured several other parameters of flux cancellation in addition to flux cancellation rates. The converging speed toward the polarity reversal boundary has been calculated by measuring temporal variation of the separation between positive and negative polarity. The mean approaching speed is estimated to be 0.10 km s −1 at A and B, respectively. The contact length between two opposite polarities are also measured with methods developed by Chae et al.(2002) to be 5 Mm at this location. Now, the specific cancellation rate r is calculated (flux cancellation rate divided by contact length) to be 2.6 × 10 6 G cm s −1 . These measurements are compatible with those measured from small-scale flux cancellations by Chae et al.(2002) . The average rate of flux cancellation of photospheric magnetic elements has also been measured by Litvinenko and Martin(1999) to be order of 10
19 Mx h −1 , higher than our measurement. Considering the fact that they focused on magnetic elements near active region, our measurement is fairly comparable to their result.
IV. DISCUSSION
Simultaneous observations of Hα and longitudinal magnetic fields of a quiet region performed with high spatial and temporal resolution have clearly demonstrated that the small-scale Hα absorption features are closely associated with magnetic flux cancellation process. The observed features commonly have short lifetime of 1∼1.5 hour and small spatial extent of 20∼60 . They tend to recur at the same location. The observed features look like surges or mass injections to magnetic loop.
They may be identified with macrospicules previously reported by Labonte (1979) , Wang et al. (2000) and Zhang et al. (2000) . Their appearance seems quite different from so called mini-filaments (miniatures of large-scale filaments) previously reported by Moore et al. (1977) , Hermans and Martin (1986) and Wang et al. (2000) . Despite their morphological difference, those two kind of features share many similar characteristics such as lifetime, size, and strong association with flux cancellation. Therefore, we are not sure whether making an arbitrary distinction between them is physically meaningful or not.
The connectivities of magnetic elements as seen in Hα image imply that magnetic fields are highly nonpotential. Such a configuration might be related to chromospheric magnetic reconnection as manifest in flux cancellation. Non-potentiality of magnetic fields appears to be important in the activity of small-scale magnetic activities in the quiet Sun as well as in active regions (Woodard & Chae 1999) .
Our results support that material injection by chromospheric magnetic reconnection at the quiet sun network is essential for supporting small-scale Hα dynamic features. This finding is in line with recent observational and theoretical studies showing that material injection by chromospheric magnetic reconnection is essential for the formation of filaments (Chae et al. 2001; Gaizauskas et al. 2001; Litvinenko & Martin 1999; Priest et al. 1996) . The flux cancellation rates, mean approaching speeds and contact lengths between two opposite polarities measured in this study are compatible with the results from small magnetic poles previously measured by Chae et al. (2002) . If such examples could be found to happen frequently throughout the solar surface, it may imply that chromospheric magnetic reconnection is quite common, and plays a potential role of dynamically supporting the chromosphere by supplying mass.
